Introduction
============

With its S-shape, the sagittal spinal alignment is a distinctive feature of humankind and biomechanically assumes a key role in maintaining the upright human bipedalism with minimum energy expenditure, resulting in sagittal balance \[[@B1][@B2][@B3][@B4][@B5][@B6][@B7]\]. Sagittal radiographic parameters of the spine such as the angles of cervical lordosis, thoracic kyphosis (TK), and lumbar lordosis (LL) are used for assessing sagittal balance. Over the past several decades, numerous clinical studies have been devoted to examining these sagittal spinal parameters \[[@B8][@B9][@B10][@B11]\]. However, in recent years, sagittal spinopelvic parameters have increasingly gained popularity for evaluating sagittal spinopelvic balance in children with adolescent idiopathic scoliosis (AIS) \[[@B2][@B12][@B13][@B14][@B15]\]. This has particularly been true since Duval-Beaupere et al. \[[@B16]\] discovered that besides examining the sagittal spinal alignment, analyzing the shape and orientation of the pelvis is a mandatory aspect for assessing.

Although sagittal spinal and spinopelvic parameters are distinct, each parameter has a high correlation with respect to the total balance of the spine. As a novel concept in the radiographical examination of patients with AIS, many researchers have recently shown an increased interest in using sagittal spinopelvic parameters such as pelvic incidence (PI), sacral slope (SS), and pelvic tilt (PT) \[[@B6][@B14][@B17][@B18][@B19]\]. However, little research has focused on the changes in spinopelvic parameters following posterior fusion surgery in the management of AIS \[[@B20][@B21]\].

Although the distal fusion level plays a crucial role in reconstructing spinal deformity and trunk balance and maintaining motion segments, the effect of the lowest instrumented vertebra (LIV) on sagittal spinal and spinopelvic parameters remains to be examined in the literature. This study aimed to evaluate the effect of distinct distal fusion levels on spinopelvic parameters in patients with AIS who underwent posterior instrumentation and fusion surgery.

Materials and Methods
=====================

Between 2012 and 2014, 156 consecutive patients with a diagnosis of AIS underwent posterior instrumentation and fusion surgery that was performed by the same surgeons at the department of orthopaedics and traumatology, İstanbul Faculty of Medicine. The inclusion criteria were as follows: (1) diagnosis of AIS, (2) no history of previous spinal surgery, (3) no evidence of spondylolisthesis, and (4) a complete set of both preoperative and follow-up standing full-length anteroposterior and lateral radiographs of the spine, including the femoral head. The exclusion criteria were as follows: (1) selective thoracic fusion surgery, (2) upper level of the instrumented vertebra being lower than T3, (3) inadequate follow-up period, (4) presence of congenital deformities, and (5) anterior approach or osteotomy. Considering the above criteria, after excluding 56 patients, the remaining 100 patients who met the inclusion criteria (88 females and 12 males) were retrospectively reviewed using our institution\'s medical record database. The mean age of the patients was 15±2.4 years, and mean follow-up period was 24.27±11.69 months.

The distal fusion level was determined according to the stable vertebra theory, which is the first-touched vertebra by the central sacral vertical line (CSVL). The upper instrumented vertebra was the thoracal second or third vertebra. Segmental pedicle screws with a 6.0-mm titanium rod were used for all patients. All patients underwent a standard posterior surgery. After facetectomies within the fusion levels and the placement of pedicle screws, deformities were corrected via a simple rod derotation technique without direct vertebra derotation.

1. Radiographic evaluation
--------------------------

In terms of spinopelvic parameters, for all patients, a meticulous examination of standing full-length anteroposterior and lateral radiographs of the spine was performed by an orthopedic spine surgeon preoperatively and at the last postoperative follow-up. In the lateral view, six sagittal spinopelvic parameters, namely TK, LL, PI, SS, PT, and sagittal vertical axis (SVA), were measured. Similarly, in the anteroposterior view, two coronal spinal parameters, namely the coronal Cobb angle (CA) and CSVL, were analyzed. All radiographic parameters were measured at distinct times by two orthopedic spine surgeons. The measurements were performed both manually and digitally using the Surgimap software (Nemaris Inc., New York, NY, USA) by the author. At the final step of the study, the corresponding author (TA) provided a confirmation of the whole measurement values.

All radiographic measurements were performed using standardized techniques. LL and TK were measured using the CA technique; LL was the angle between the upper endplate of S1 and L1 and TK was the angle between the upper endplate of T1 and L1. Regarding the measurements of pelvic parameters, PI was obtained as the angle between the vertical line of the sacral plate and the line that connected the midpoint of the sacral plate to that of the bilateral femoral head center. PT was measured as the angle between the plumb line and the line that connected connecting the midpoint of the sacral plate to that of the bilateral femoral head center. SS was measured as the angle between the sacral plate and the horizontal line.

2. Statistical analysis
-----------------------

Statistical analyses were performed using the Number Cruncher Statistical System 2007 (NCSS Statistical Software, Kaysville, UT, USA) package. One-way analysis of variance was used to compare three or more normally distributed groups, and Tukey\'s honestly significant difference test was used to identify the group that caused the difference. Kruskal-Wallis test was used to compare three or more groups with non-normal distributions. Mann-Whitney *U*-test was used to identify the group that caused the difference. To interpret the comparisons of normally distributed variables within the groups, paired-sample test was performed. In addition, Wilcoxon signed rank test was used to compare variables that are not normally distributed within the groups. Finally, correlations were made using Spearman\'s correlation test, and *p*-values of \<0.05 was considered to be statistically significant.

Results
=======

According to the Lenke classification, patients were divided into three groups: 34 patients with main thoracic curve (Lenke types I and II) were included in group 1, 32 patients consistent with Lenke type III in group 2, and 34 patients with main lumbar curve (Lenke types IV and V) in group 3. In addition, all patients were categorized according to the King-Moe classification: 34 patients were evaluated as type I, 27 as type II, 23 as type III, and 16 as type IV.

In terms of the distal fusion level, patients were categorized as follows: LIV was L2 in 30 patients (group 1, [Fig. 1](#F1){ref-type="fig"}), L3 in 40 patients (group 2, [Fig. 2](#F2){ref-type="fig"}), and L4 in 30 patients (group 3, [Fig. 3](#F3){ref-type="fig"}).

TK decreased from 36.60±13.30 degrees preoperatively to 26.00±7.30 degrees postoperatively in each group, with no difference among all the groups (*p*=0.001, *p*=0.098). Similar to TK, LL demonstrated a decrease from 52.80±9.40 degrees preoperatively to 44.30±7.50 degrees postoperatively in each group, with no difference among all the groups (*p*=0.001, *p*=0.164).

Although PI showed no difference preoperatively among all the groups, it was significantly higher postoperatively in group 3 than in the other groups (*p*=0.006, *p*=0.014, *p*\<0.05). Furthermore, PI decreased from 50.60±8.74 degrees to 48.00±6.84 degrees (*p*=0.027) in group 2. Although SS decreased from 35.16±6.40 degrees to 33.50±5.80 degrees, no difference was observed because of the surgery in group 3 (*p*=0.087, *p*\>0.05). In group 3, mean SS decreased from 37.25±6.00 degrees preoperatively to 34.42±6.42 degrees postoperatively (*p*=0.050). Similarly, mean SS was significantly higher in group 3 postoperatively than group 1 (*p*=0.042, *p*\<0.05). Mean PT decreased from 15.50±7.80 degrees preoperatively to 15.20±7.15 degrees postoperatively. Although there was no difference among all the groups, PT was significantly higher in group 3 than in the other groups (*p*=0.86, *p*\>0.05, *p*=0.03) ([Table 1](#T1){ref-type="table"}).

For all cases, the positive relationship between LL and PI measurements was statistically significant (PI increased with LL) (*r*=0.285; *p*=0.004, *p*\<0.01). Furthermore, the positive relationship between LL and SS measurements was statistically significant (SS increased with LL) (*r*=0.365; *p*=0.001, *p*\<0.01) ([Fig. 4](#F4){ref-type="fig"}, [Table 2](#T2){ref-type="table"}).

CSVL was 11.89±43.00 mm preoperatively and 11.40±34.00 mm postoperatively (*p*=0.727). CSVL did not change depending on the distal level. CA of deformity changed from 47.80±13.10 degrees preoperatively to 2.40±3.40 degrees postoperatively (*p*\<0.05). However, SVA changed from 42.90±25.00 mm preoperatively to 30.80±12.80 mm postoperatively.

In the assessment of the variables according to Lenke groups, LL and TK significantly decreased, with no difference between the two parameters (*p*\>0.05) among all the groups. Although there was no difference in PI among the Lenke groups, there was a statistically significant decrease in PI in group 3 (Lenke types IV and V; *p*\>0.05, *p*=0.001). None of the Lenke groups showed a significant difference in terms of variance in TT measurements (*p*\>0.05) ([Table 3](#T3){ref-type="table"}).

Discussion
==========

To date, the significance of restoring the spinopelvic balance following the surgical management of adult deformity has been well documented in the literature \[[@B12][@B22][@B23]\]. Schwab et al. \[[@B24]\] proposed certain threshold angles that were relevant to spinopelvic parameters, which are essential for obtaining better functional outcomes through spinal reconstructive procedures. Moreover, Diebo et al. \[[@B22]\] drew attention to certain compensatory mechanisms that maintain global sagittal spinal alignment in the presence of spinopelvic mismatch. Although a great number of clinical studies that examine compensatory mechanisms following posterior instrumentation in adult scoliosis are available in the literature, little research has been devoted to examining this association in patients with AIS. To address the lack of current literature, we aimed to evaluate the effects of LIV on sagittal spinopelvic parameters in patients with AIS.

In the literature, the debate regarding the deviations in pelvic parameters in patients with AIS who underwent posterior instrumentation surgery compared with those in healthy individuals continues. Although some studies have reported no difference between the two populations \[[@B19][@B25]\], others \[[@B6][@B18]\] revealed that PI was higher in patients with AIS than in normal individuals. However, there are explicit data in the literature regarding the variance relevant to some spinopelvic parameters in patients with AIS following surgical management \[[@B20][@B21]\]. For instance, La Maida et al. \[[@B20]\] reported a statistically significant increase in PT. Similarly, on analyzing 60 patients with AIS following posterior spinal instrumentation and fusion surgery, Tanguay et al. \[[@B21]\] found a significant association between LL and pelvic parameters below and within the fusion. In the present study, in contrast to the literature, postoperative PT was not statistically significantly different from preoperative PT. However, LL was showed a statistically significant decrease, and the association between LL and pelvic parameters, according to earlier literature that found correlations among the three variables LL, SS, and PI, was positive and statistically significant (*r*=0.285; *p*=0.004, *p*\<0.01; *r*=0.367; *p*=0.001, *p*\<0.01).

When the distal fusion level and variance in pelvic parameters were compared, a significant decrease in PI was observed in cases with distal level at L3. distal level, whereas the highest PI values were observed in cases with L4 distal level. When the distal fusion level was determined to be L3, the changes in LL were compensated by mobile segments, and this process concluded the compensatory decrease in the PI values. However, when the distal fusion level was determined to be L4, the PI values demonstrated no statistically significant difference. As a secondary consequence, the changes in LL were compensated only by pelvic parameters. Moreover, if the distal fusion level was determined to be L4, SS decreased but PT increased; however, this was not statistically significantly different.

At the same time, the association between the change in LL and SS was more significant in cases where distal fusion levels were L2 and L4. Although changes in LL were not statistically significantly different, L3 displayed pelvic parameter changes that were independent of the changes in LL. These data show that identifying the distal fusion level as L3 plays a key role in influencing the change in pelvic parameters.

Upasani et al. \[[@B9]\] compared thoracic and lumbar AIS, and although there were differences between TK and LL, there was no statistically significant difference among pelvic parameters. In the current study, in terms of spinopelvic parameters, with the exception of the difference between LL and SS, none of the other parameters showed a statistically significant difference among all the groups. However, to date, little research has focused on the variance in spinopelvic parameters in AIS following surgery. La Maida et al. \[[@B20]\] conducted an investigation of Lenke type I patients and observed that surgical treatment decreased SS but increased PT. This phenomenon was explained as a compensatory retroversion that maintained sagittal balance \[[@B20]\]. However, Tanguay et al. \[[@B26]\] found no statistically significant difference in PT angles preoperatively or postoperatively among the Lenke groups. In groups with a major lumbar curve, surgery generates a significant decrease in PI. In contradiction to previously reported literature, PI showed a statistically significant decrease in the major lumbar curve group (Lenke types IV and V). Nevertheless, reported data that provide an explanation regarding this phenomenon are limited. We inferred that in adolescent patients, PI is not as stable a parameter as it is in adults. This can be defined that the changing at spinopelvic parameter alters with surgery through the adolescent period. The change in LL is the key aspect for explaining the difference in pelvic parameters following fusion surgery because LL is negatively influenced by fusion surgery. Accordingly, in this study, some compensatory mechanisms arose in the unfused segment and PI. Consequently, the surgery resulted in a statistically significant decrease in PI, particularly in the major lumbar curve group of AIS.

Finally, this study has some significant limitations. First, this was a retrospective cohort study that lacked a refined series. Second, we were unable to standardize the position of the radiographic images while performing the evaluations. Thus, a larger series with similar distribution is required to evaluate the variance in pelvic parameters following posterior instrumentation and fusion surgery.

Conclusions
===========

LL may be a key factor for restoring pelvic parameters following posterior fusion surgery. Furthermore, this study showed that the selection of LIV (i.e., lower than the L3 level) may result in decompensation in the pelvic parameters. Consequently, spine surgeons should be stop fusion level proximaly L3 in order not to altering spinopelvic parameters.
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###### Pelvic parameter changing according to distal fusion level
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SD, standard deviation; PI, pelvic incidence; Preop, preoperative, Postop, postoperative; SS, sacral slope; PT, pelvic tilt.

^\*^*p*\<0.05. ^\*\*^*p*\<0.01. ^a)^Wilcoxon signed ranks test. ^b)^Paired-samples test. ^c)^Kruskal-Wallis test. ^d)^Oneway analysis of variance test.

###### The correlation with lumbar lordosis changing and pelvic parameters

![](asj-12-147-i002)

^\*^*p*\<0.05. ^\*\*^*p*\<0.01. ^a)^Spearman\'s rank correlation.

###### Pelvic parameter changing according to Lenke classification
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SD, standard deviation; PI, pelvic incidence; Preop, preoperative, Postop, postoperative; SS, sacral slope; PT, pelvic tilt.

^\*\*^*p*\<0.01. ^a)^Paired samples test. ^b)^Wilcoxon signed ranks test. ^c)^Oneway analysis of variance test. ^d)^Kruskal-Wallis test.
